Depolarized low-frequency data on neat liquid propylene glycol (PG) molecules and confined molecules in 25A and 75A pores of a controlled porous glass are presented. The goal is to elucidate the finite size effects on the dynamics of the hydrogen-bonded liquids, comparing their reorientational motion with the one of the same confined systems. The experimental data, performed as a function of temperature, allowed us to evidenciate the main role played by the strong dipolar interactions on the dynamics of hydrogen bonded liquids diffusing within nanoscopic pores. §1. Introduction
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Dynamical properties of bulk liquids may undergo a drastic change if forced into small pores, whose dimension is comparable to the fluid molecules one. Generally speaking, l) the fluid in the pore has one phase related to the surface-fluid interface whose properties are triggered predominantly by surface forces, adsorption energies and surface coverage and another phase that is linked to the inner pore volume that may be governed by the type of intermolecular interactions, shape of molecules, collective hydrodynamic effects, etc. In general the effects of the confinement are related to volume and/or to surface interactions of the system under consideration with the substrate that are generally connected with "physical traps", due to the dead-end groups and to the tortuosity of the percolated channels for the diffusion, and with "chemical traps", that take into account the degree of the adsorption of the molecules on the active surface sites. By increasing the chain length of the polymer interference effects between the porous materials and the entangled polymeric motion occur because of the increasing of the spatial restriction in the range of several nm. Measurements of dielectric relaxation 2 ), 3 ) in confined propylene glycol, PG, and in short-chain of polypropylene glycols (PPG), near the glass transition temperature were performed showing that these systems exhibit a peculiar associative behaviour, H-bond imposed, occurring not only intra and inter-chains but also with the Si-OH groups of the porous surface. In this work we present depolarized Rayleigh wing experimental data performed in liquid propylene glycol [OH-CH(CH3)CH 2 -0H] versus temperature so obtaining information about the fast dynamical reorientational processes. It is well known that Rayleigh wing scattering is connected with the local fluctuations in the anisotropic part of the polarizability tensor and is originated by the time correlation, ctnis(k, t), of the traceless part of the polarizability tensor fluctuations S/3ij (k, t). 
Therefore depolarized Rayleigh spectra allow to study the cooperative nature of molecular diffusion. The effective anisotropic polarizability, 8 ,6ij, takes into account for the "bare" molecular polarizability and an interaction-induced contribution, that will be reflected into the reorientational pair correlation (OPC) term and into the DID (Dipole-Induced-Dipole) term, respectively. The above cited effects give rise to a contribution (Collision Induced Light Scattering) for the DID term in the far wing and reorientational contributions in the narrow wing. In H-bonded systems low frequency depolarized light scattering can result from different microscopic mechanisms, such a molecular reorientations, as well as collision induced effects and orientational pair correlations (OPC). 6 ), Propylene glycol, PG, was purchased from Aldrich Chemical Company. The used porous glasses with sufficiently high optical quality were Gelsil glasses of cylindrical shape (10 mm diameter, 5 mm thick) produced by sol.:.gel technology and purchased from GelTech Co., with nominal pore diameters of 25 and 75A that are highly branched and interconnected. The temperature range in these measurements was ( -20 , . . . . . , +60)°C and spanned by using an optical thermoregulated home-made equipment, 9 ) experimental spectra were taken by a high-resolution Spex-Ramalog 5 triple monochromator, used in a 90° scattering geometry coupled with the 5145 A polarized line of a unimode Ar+ laser Spectra Physics that worked with a mean power of 300 m W. The intensity of the obtained spectra were properly corrected. ll) §3. Results and discussion
In a PG molecule, the four sites available for H-bonding promote a set of transient crosslinks between neighbouring molecules originating relevant transient structures. 12 ) As in the case of ethylene glycol 13 ) molecule, many conformations can be generated for each molecule by the rotation of the CH2-0H group around the C-C axis in respect to the OH-CH(CH3) group. The potential energy, calculated in the case of an isolated PG molecule, for the gauche form attains a minimum value of 1.39 kcalmol-1 , showing that this configuration stabilized by the H-bond has high probability of existence. On the ground of above observations, Rayleigh wing spectra, in bulk liquid PG, are due to a collisional contribution (CILS term), in which one of the colliding molecule can be identified with the free PG molecule in the gauche form and a contribution related to the orientational pair correlations (OPC) term, originated by the existence of intermolecular hydrogen-bond.
In Fig. 1 the depolarized quasi-elastic spectrum in the case of neat propylene glycol at T = 40°C is showed together with the best fit obtained by using the following scattering law: finally JCILS ( w) represents the collisional induced term previously described and B is a very small flat background. From the two symmetric lines it is possible to obtain the orientational relaxation timeT, and the integrated area ALtz, whose temperature evolution are reported in Table I .
It results that TCILS < T£tz < TV gt in the whole temperature range leading to the hypothesis that different molecular entities are involved in the simultaneous parallel dynamical events. In particular the fastest process arises from a gas-like collisional behaviour of PG and the slowest from the relaxation of the local order imposed by the H-bond. The evolution of T£tz1 vs. T fulfils an Arrhenius law furnishing an activation enthalpy L1Hrvl.6 kcalmol-1 , typical value of H-bonded liquids. 9 ) Instead the temperature evolution of the integrated area, ALtz1 (T) furnishes, applying a successful model, 9 ) a value of the binding Gibbs energy of"' 6 kcalmol-1 that lies in the typical range of the H-bonding potential energy, indicating that two hydrogen bonds for each PG molecule are involved in the activation of the OPC anisotropic process. The spectral features of the Rayleigh wing for confined PG within silica gels of 25A diameter pores, are showed in Fig. 2 at T = 40°C. The theoretical best fit was carried out by using the following law:
We can adfirm that the far wing does not fulfil a pure exponential decay of the CILS form within the experimental uncertainty; only one Lorentzian line accounts for the narrow wing contribution that gives rise to a definitively larger OPC reorientational relaxation time T£tz1 (see Table I ) than the one characterizing the neat liquid in the same temperature range, as expected.
This occurrence, in agreement with Zerda, 14 ) is induced by a chemical traps due to molecular interaction among molecules close to the surface and the surface. The temperature dependence of the OPC time decay, gives, always in the Arrhenius framework, an activation enthalpy of about 2.8 kcalmol-1 , that being higher than the value obtained in the neat system is in agreement with the reasonable hypothesis that, within the spatial hindered regions, the OPC relaxation results kinetically less favourable. Furthermore, for both the pore diameters studied, the integrated area, ALtzl, of the narrow Lorentzian gives rise to a value of the Gibbs binding energy similar to neat liquid case, indicating the existence of a unique physical origin: the making and breaking processes among the H-bonded molecules. The lack of thenarrower Voigt profile can be explained considering that the slowing down trend for the confined diffusive dynamics causes a narrowing of this process and hence a probable collapsing of the correspective spectral line within the contribution enlarged by the resolution. The far wing intensity of the confined system does not show the CILS contribution and can be described by a further Lorentzian line that gives a fast time decay ("-' 0.1 psec) almost temperature independent. A topological argument shows that, in cylindrical shape pores with the radius of some tens of Angstroms and filled with molecules having dimension of"' 5A, a very high fraction of molecules (,.... 50%) is in contact with the walls so having translational and rotational relaxation times very slower than those measured in the neat liquids. 15 ), 16 ) This retardation of the molecular mobility is due to the trapping of hydrogen bonded clusters by the surface and to geometrical restriction imposed by the confining environment. In such a case the confined liquids loose the collisional fluid-like term as a consequence of a sort of freezing effect, giving so a relaxation process in terms of the hydrogen bond mean life time. This effect reflects in the crossover of the exponential CILS to the Lorentzian (collective relaxation) contribution to lvH, being strongly supported by IQENS measurements performed in liquid water within quasi porous matrix of polyelectrolyte gels of different pore sizes 17 ) in which the single particle diffusive modes of water molecules gradually die out and only purely collective modes survive. §4. Concluding remarks By the analysis of the experimental data, it pointed out that, as concerning the neat PG, being characterized by intermolecular effects H-bond imposed a rotational Lorentzian term related to the OPC time evolution and which is collective in character, and a slower non-Lorentzian term induced by the rotational relaxation of different extended structures are evident. Finally a CILS contribution in the far wing, induced by a molecular frame distortion during fast collisions is present. On the other hand the confined liquid shows a slower hindered rotational dynamics as compared to the bulk one that in the far wing region of the spectra presents a very broad Lorentzian-like contribution in the whole temperature range. This feature could be activated by the mean life time of the hydrogen bond ("' 0.1 psec). In the narrow wing only a Lorentzian term is evident, whereas the non-Lorentzian term disappears due to the probable collapse in the ultranarrow non-resolved spectral region. The effect of confinement causes a slowing down of the reorientational relaxation time, connected with the inverse linewidth of the Lorentzian term. These peculiarities for confined PG should be connected with the long range extension of a chemical trap due to the existence of a strong H-bond among the Si-OH active sites of the pore surface and the OH groups of the propylene glycol molecules.
